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o 4 extended program of albedo studies.

Prefaoe . ’

‘dm

In 1946 the U. §, Weathsr Bureau ﬂecemmepded t6 the Deputy Chief of Stafl-
for Research end Development, USAF, that measuvsments of Solar and reflected
rediation be. made by Air Forve weather reconnaissénce airoraft in order to pro-
vide date for research oy the basic problem of ihe heat budgét of the atme 3hG£Us
if

Thé Air Weather Service was dlrected by Hq, USAF, to‘fnaka auch medsurmsrts
feasdiblo.,,

‘The 308th Reconnaisgance Group ONea*her) was assigned the first'pﬁége cf
the problem - namely, to detormine the feasibility of meking adrborfne rudiatién
observations adequate for computing albedog and to devalfp the teommique for

them. As thé project, designated "Albsdo” for oonvemience, wes hob glven high-
est priority the work hes provesded slowly.

The 1ohowmg report by the Brojest Cifigér
pletion of the above stated objestives. and marks
of the Projeéct. Congideration is Being glven‘ by

CoVors the suécassfﬁl ot

the closing of the first phase
nrberes*!'ed tesearsh sgondies
This réport will aoqua:mt these agon-

¢tles and the Air Weather Service operating wmits conce_maq. W;{Qh Wwhat hgs been

a¢coriplished end what cen bs donee

The cooperation 6f the Gnlef U. S. Weather Bureau, and the continuéd 1n- o

terest and assistance of Mr, S. Frlt, and Mr, T, s Ho McDonald of the Bureau .ay

gratefully acknowxqued s -

- 5

Thé Eppley Laborataries, of '\Iewport R. I. conbpributed r:ate,rlallj to the
successful completion of the Preject by Jlodn of sSpecially 1mb*'oved pyrhelio~
fMeters for airborne usé. As a result of this coll aboratlon 8 proven instrument
is commercially availsble for sny intorested Agency, '
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REFORT ON PROJECT ALBEDO, PHASE I ;
In order to make any kind of computations concerning what happens to

the radisnt ghergy “eoelved by the earth from-the sum, acluretc measures.
nents mugi be made of 'the aount of this energy whick is refledted from

wo
var:«.ous types of surfaces on which it falls, The reflectivity (%lbedo) of 1and.
cnvh A

and woter surfases is fairly well known, having been measursda number of vimes
with gome acouracy. Since at any otie- time a fairly large portisn of %hs earths
surface is covered with olouds and haze, it is nece*aafy to know, with the same
degree of accurapy, thé amount of radiant ensérgy which is réflected and absoyb-
88 by alouds and haze layers. Up to the p“esaht tifie %o dystematio extensive
measuriients of tiis quontity ha¥e been mades Present c;omputa%z.ons have been
based largely on widely scatbtéred dbservations made about thirty years ago; and
oh esgunptiong based on these records. Thus the Progjsot was concerned with

checking previous medsuriéments of the albsdo of all 'bypes of terrain, goean surs

£fa ds and voarious cloud types. The loas of radiation &s a result of paséage %

rough cloud layers was also investigateds It wus also mscessary o oxenine and
decide upon suitable means of instrimentation and opefational procedures to ob-
tain the above measurements in an atourats monnel.

i o ABSTRAGT
. m

The pr

odect wae inibiated during Fe F1947.  During the £irst year
equipment was selected; proousicg, vedted and installsd i medifisd adveralls
An ‘opsrational SOF woas prepared. -

During the summér and fall-of 1948 snd later d.urm6 the period 10 April =
26 #pril 1949, a number of suncessful miesion, T.,Mrc;‘lwm Erom whish &lbedd valuss
were obtained. "‘hey inciuded a joint mission with & plane from Ir ygkem, Sev-
eral oTO8E - oaun‘fv’y £¥ights over the United States :m order tG fly over ail “h;pes

ZAV

&f clouds, four smgle-plane missiors in oan;lumtion wr"h Weather Bv:ieau solar--
radiotion stations to measure the loss in Fudistion resulbing From passage ‘tmrougp
o ‘6loud layer, one mission to méasure the abecrp'b’on of o dlear-sky and one nig=
sion ‘o¥sér the sloud asystem argmq a well ,vag_.pé_é, : S

’

A new-type pi¥rneliofméter designed 0o endvre ai*:craft vibrations was *oesve&

for approximately 350 hours while mothted on an RB-+29 aircraft. The Bfown Re=

Sorder funotioned propérily during all flights. A pyrheliometér mownt satizfoce
tory for research purposes was designed and manufactured losally. Work om a

fiew mount Satisfactery for rou‘cme installation on magyreconnaissance aircraft
and not requirmg oan opera‘box as in progress but abandoned when-indications - '
wore received that susha mount would not be nesessary. -

S -
-

is présently on lpan to ¥he Y. S. Weuther ,_Bureuu-
I£ will be returned %o Fairfield in Fedusod form.

£11 ¥ow duba f£rom f£lights
for reduction and evaluation,
giving actual albedo values..
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REQUIREAENTS :
In s lebbter from AWS Sy subaect- “Reqv:.rementﬂ ard Operating Procedure i ;
for Project Albeds!, dexced 28 July 1948 i% was requestedthat watil further ) % 3
10ti6s %he following sperations with 4 éi ¢ assigned priori’clos be carriod out: . |
Memorandum 0n Tvp g8 0f Metooralogiont And Terrain Conditions .- ;
To ¥ Covered By A“irborﬁe Radigtion Measuremonts .
LONDITION , PRIGRITIES ‘ \ ?
‘ Betwsen Major 3 E ,
- d tbgowies, vategorles , i
I. Roadiation Reflected by (Albedo)s
1. Terrain U _
&8s Mouwntaivious & ;
" (1) Forest z R I
(a) Nex~snow covered. 7
(bj Snow Covared SRR 2
(2) Non-»Forested 2 2 -
“Non~gnow Govered ' 2
(b) Snow Covered - 2 B
_._be NcmnMounto inous I -
(1) Forest )
£a) Nohesnow Coverod , ‘ 1 )
T (b) Snow oovsred ' - i ,
- £ —E\.'enwna;-es‘i:er’ e
(a) Non=grgw ocovered 1
‘1 Desert ) _ -3
Z Gul ltivated Grownd - - T 1 . '
(b) Show Covared - 1
T 1 Deser T o 1
N 2 Cultivated Ground o 1 .
N Ghange in snew albedo over & 1
i series of d“‘"q - T .
2., Ocean 4 §
& Smooth 2 I
(1) Clear Sky 2
(2) Cloudy Sky 2
b. Roug:,h : -1
(1) 3dear bk" , 1 .
{2) OCloudy Sky , S .
3. Glouds 1 IR
2. Stratus-Fog 8 ’
b, Cumulus , T
. Stratdoumulug 5 -
do  Altooumulus - -2
&, Altostratus and N:unbostratus 2
£, Cirrus 3 :
g Cdmulon..m‘wu - 8 o . .
_. . .B. Cloud systems {sirouit arsund & syclishe) 1
II. Radiaticn Absorbed hys 2 ‘ .
I Atme gPherf} ’ 3
2. Clouad 1 .
3« Ground 2
3 )
*
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In addi‘bioﬁ the follewing &evelopment and testing was assignad by 4th
Ind,, detea 1 Fov 1948 to basic 1ette faoi uuadquarte*n Air Weuther Servige,
sub.,aot "Progedure for Computlrg albedos from Pyrheliometer Meamramcui:—é“’,.
doted 27 Septembey 1948,

a, Testing of the new niodeél E‘opxev pyrheliometers in Aon,jwm‘cxon
with the monufocturer. s

S0 - - —

b. Develpbiment of a shandard mounting and aireraft modification for
pyriliomoters. : R

5

c. Testing of the recorder.. for vgse with nyrhe iometers.

ds &z,velonment of an observing o.nd elemontany reduaing procediiFa
with fomns Por reporting pyrheliometer observations; suéh that using research
agencics may oomple‘be the reductions aond analyze. tne date withou‘h further re-

pour‘se Yo the observing sagerioy.

o ks Indbrumenss

s. Pyrhelicnieters. - Thé ingbtrument nsed for messurements of solo.'x;-
radiation for the purposes of ":m.ﬂ broject wus the Eppley Thermoslestric Pyres
heliométer. This instrumesit {(&ée Mgty civanlge) Boraists of two conoentric
rings of un&l aren; ono blgokenad and the other white ooo.ted. The hot J\mc-
tions of m mulbiple couplé thermopile of gola-po.ua (iU bAd pilatifim-rhodivm
alloys dro attached to thé lower side of the black ring, The menufacturss
supplies modals with various numbers of jJunotions, according to the scunsiti-
vi‘by required. For solar radistion 10 junotions are usunlly provideds for

sasuring the weak reflectcd radiation from 'hne grounfl and olouds 50=junction
models were sometimes uded. The différontial in n Yemperatutre beltween the two
rings when radiation falls upon them oréatss an ele¢tromotivé force thet is
riearly proportional to the amoimt of radiation reccived. Ihe rlngs are mounted
horizontally in the center of a thin sp}iérmal £¥igs bulvd which is soaied’ w...i:h
dry air within o prevént moisture from oondensing .

_ 3 ingtrument is Senéi ve b sai%o.r cmd Sky radlaoiou z:tn WeTe lehgu.,..,'
'-v..wu £,292 and 2.0.}* The lﬂwer value is the out off by ?,he a‘bmcsphere and

higher value is the cut off by the plass cover of £ho cliomoters

WA J‘. Ju.v LIOMT A 9

+ Y
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+
q‘
3
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D @

cr
falad
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p.«

b. Reésorder. - ‘che ingtrument whioh integrates the elogtromative foree

from the pyrheliometsr was ths Br'ox\'n "Ele stronik"strip Chart Potentiomater.
s piece of equipment ... " smploys a conventional nulls
angs mansuring circuit, but di rs bas:.oal"y from vhe eonven'blonal poten’b-
itnmoter in its -bm.»u;cing, GO uupvuﬁd gf uu.E’ ususl guuunomete: Evated

Ite

its amssociated meohanisms, the chvm "Continuoug Halenoe" unit is uded, an eloe=

tromle detector which mukes poss ble full advantage of thermocouple regponsives-
ness, umprecedeéntos senisitivity; ruggedness and gimpl: c:.ty, It roguires 110V 60
cycle AC oirouit for operation. 4 rotary-type :’anarter ohau és the regular DC.
power of the plane t¢ this required power.
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Two pyrheliometers are mointed on sach aircraft. Both were connected
‘ to the Fedorder. The slestromotive ferce ‘baing generated by each vos fo=
! : corded alternaltely approxinately svery fifteen seconds on o continuously
' foving, chsrt. 4 small numeral ™ T or Mgt appears beside ench recorder mark
Tor thse purgose of. mdanti.,-icaw on. Thé sonle panel is divided into dige-
1gicns numbered from 0 = 100, A full soale defleotion i& wguivalent to 5
wil¥ivelte. .

|
i
i
t
|
|
1
|

3, Mownt. - It wad neoegsary that o suitoble means "6;& found Ho mount
the nyrheiiémeter in the aircraft. At préssnt the mount sonsists 6f o plate |
. o which the pyrheliometer ig abtached, Tht'se .z.evelmg sorews attached to the
i plats provide a meons oOf ieveling the filament of the y‘fhiimmeter. The mound.

18 construoted in such o manner that the bulbs may be removod P e?c;hanged in
fiight.

s . €

2 eh = ‘, - 2% ~'Oi?eife.ting Procedures " ' = ‘ -
8. On the Groumd: -

nected to ths pvrneTiometers.

-

Yo o wm
14

- - 1

L2) wrt out the on py'z’neliome'ber and oOSerVG vhe position of
the rocorder mark with reference to The zero lins oé_thg_.cho.rt, :

<
.

sex. A $

b, Ifimodiatoly After Take OfFf.- After take off and when the plan )
. reached a convenient alt i'bild'e..;- ask the pilot to fly 45 level as msy - pad :
ters,

level The pyrhelidms

6. Pdr Measwting -Subf

H)\
<
[
@
5.
&
[¢]
[=9
Q

- - (1) Terrain {in genersl

&y
Lt
~

otl

; (2) *his requires more or léss orﬁas-—oomtr,f £

" suggested for example that a £1light from Fairfield
jove Desert region would serve wél}l to détermiine how changes
vegetation conditions affsot albedo, Long fli.grts. foross ths
directions aré desirable. )

(2) Fly level as. olose to the surface as is safely -nos‘sitb‘len e

(c)Muku froquent notss on the ¢olor and natuFe (wntnr, Iorest.
sand, eté.) of vhe terrain below, timing each broad oshenge.
T \ . e —

A2 2) Snow cov‘éiied Terraiis

(1} Some flights should be mads about 1000 £t, abive a fiab

gy S e Aurface-oovered by a fresh snowenlli: - There should 1’104*7

bo ady vegetabtion penetrating ‘hhrough Thé snow if possibls
With no new snowfall meenwhile, fly-a second misgion sboub
two days latei in order to measure the change of the slbedo
with time on the sams track and snow layer. It would be '
desirable to continuc these { flights evexry two days as long E

as the particular snowfall gover lasts.

8o ' )
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daysi, prelev'aaxy;_one flight if poss.abl@ when the S¢eshr surfnce 18 fough.
snother when smooth. \aalm air;, gboist 1000 £t. shovs the §éa surface, ":l‘bh
conkinuous measuréments (exceph when mabetw sring, turning; olimbing or de-
seending) from solar noen to near suwiset, to be made by repsited fligbts baok.
and forth between two points not lessthan 25 minubes flying tithe apert, over
deelp water. It is i‘.mpcrtant dhiring ovéer-water measuremeni;s to frequently
observe the intensity and type of roughness of the water; %o estimete the awell
charao"aerlstius as distms"c from waves, and to es%imate x:m, wind speed at thé
ater Burfdce.

(5) QOoean Albedo e The odeari £lights Bhould b¢ made on oFear
&

-5

2

1

~ d. Absorption by Clouds. = This requires two=plane flw‘rrcs, onié nboFe
the olomds, the ctherd direotly below, both ag near 500 ft. vertical distanss
from the cloud as feasibls; the two eiroraf £ should keep in the same vertiosl
axis a8 neor as possible, by meons of raday - the top plane tr acking $he plone
be;.ow, the oloud la}gra T'b 1° recommended 'bha'b a"oh measuremenj;}k be "imit., to

6. Plight over Cloud System of a Cyolons: - This requires a fn.ght
aroumd the ovclone canber at 4 bout oneg hundred-fifty or two hundred miles radius,
'Bhe £iight to bé about fiwve hiundred faet gbove the couds, to bhs Followen by 4

£light adroas the csnter of the cyolons, Careful notes should ke kept at all-
times of £he plane posipion and oloud eonditistik, wnd fotes finde of he time

intervals Guring which thé sireraft is in level and néuslevel llght. Timo ghecky

should be made on the potentiometer 4t least svery half hgz_z;_. and in addit:,on

{ ©a06h timé there is some marked change in the oloud system, Paotographs of the
olouds, with time indicated,wuld be an extremely useful supplemont io the re=
cord. If possible coordinaté with the Woa"h Bm eau grovad pswﬁsxiome'bor sta-
tionsg., . _ '

f. Absorption by Atmosphore. - This isg obta¥hed by o series of ascents
arid descenvs in olear sky, made by 5000: £rot stoges, levelzmg the airoraft over
o short fixed path at each s 'te.ge. . o

o Mi—sce‘n’ﬁl&néoﬁs Remarkss A

(1) Tims coheoks should be imade on the recorder shset &% least once
every hour, ’
{2} Maké an ocoasional zero check; this is done by «ttaching a clip

lend across the terminals of the top pytheliometor.
~ {3). Data shests
Weather Observer. These shee

28a

‘{see appended forms).\ure kept by the. Navigato: and
ks plus thé rolls from the recorder give ntl the
raw date decessary for the compuba akion of a

In—l

beﬂn vrn'iv ST 5

3 3. CGM_"UT_"{’I‘IONS

The two constituents resulting from a succassful albedo flight are the
pyrheliometer rscord and the flight Yog. Ths pyrholiometer record congifts -
of printsd reoords from both the upper ond lower pyrbzliometers, an 0&.—8!15101‘18.1

"gzoro chesk", and froquent time marks supplicd by the observer. The flight lag
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ing with times of okémgo of each, ia~
or}; motosrelerical dubs {freewair
Lemporative; tybes; bmow@ts thislkmess; and gene eral dppearanse of clouds; and

- sontains sireraft data {aliitude and he ds
d:‘waﬁe 2ir speed. und an"-o«cimo.t.e locati

' . Wisibs1ity), and supplementary data {(typse of *;grram A air tronsparsisy, oté.). :
) Thege twe components shouid supply enough inform tmn for albedo oomputatlons.

v A vareful perusal of the pyi‘héi‘éme*"é? redord should £irst be made tod 'e-'-
terfmine whether thé frequent timemérks agree with the rate at whish thé res
sorder prints. Minor timiig ad,]ustmen’cs are of‘ten nécadsary to smoe’i:h ok
diec‘repﬁﬂ&-ies. Af%ar the recoxd has beer ¢oFyectly timed, the next step is
to discard those 2estions of the Fecord GuPing wivdch the plane we:s ohauging
altitude and/cr heading, singe. -::1;3 Pyrheliometers wére not horiszontal at those
times. i he Temaining porticns of the pyrheliométer record should then be brélken
into smail time. un‘ts. (Fivesmitiute m‘bervals shoiild suffice exdept during times
when. the redorder tracs is chonging reapidly. Two and one-helf minute inbervéls
arg then requxredfbe Sinae the régorder paper is ruled into crdinates, the aver-u
age ordinate value for ench time interval should be obtained fof ddok pyrhdiio-
moeE trages Thede sverage ordinate valuss must be adjusted if the ™zeéro checks"
a¢ not fail on the zero ord:,no:te line. , \ -

-

Next, the _correct average ordinate ¥a are converted +0o- "Ixidico.ted ,
llnoﬂts" Sinee the £w1l scals of the rdor papsf is equo.,l o oz es= oL
b lished numbe; of miil 1volts in each time mni#, Héwever, $ince tHe pyr-
eJ iomoters haiwe been galibrated at a temperatuse of about 15° ¢ ond the o.:Lr -
aﬂporature at plane lsvel might Ye co*xmderablv difforent [usunily Jower), & o
smedl -tempesTuture dorrection 4§ nesessory v determing the aotua.l nunber 6f mille
wolts {usually smaller than the indicoted m1111 *“"ts) The correction equation . -
s - . _ . '. 3 - a

68
& rc;s
h 8}

Millivolts = Indicatod millivolts (1- .00 {161} ¥, misie
eratue in degroos centigrado. - o : R

‘ The actual millivelts from each pyrheliemeter is then converted to rodia-
tion valucs. The e.m.f. deovelopod by each pyrholicmeter has besh co.relulur
determinsd ot the factory and o co.llbr&:blon factor Supplied with gach: in=
strumont. The rutio of the sotuai millivolts deéveloped by each pyrhéolismeter
to the calibrated oilnsfs 16 equal to the radiation rmceived on each instrument.
The radintion velues are in units 6f gm oal/cms/min, clso kown ag Ly/mia {*).
Tne albedo velues. are the o +1os of the radiation received by *bhe botton: pyrne-

liometer (reflect~d radiantion) to thn rodiation j:ena'ived by +he top pyrhelio=
mete_r. ;

AR AR UORNER B Bt basd it St Wi

¢}

' ' me e X |
( ) Sci ence, Volo 106 2 No 4 2?49, Sept Y 5, “947’ jo 225; or Bu].'}g‘ MMQEL‘MG'&. N .
Soc.,Nov, 1947; p. 443, ) T — S
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PRogedure ¥ adogquake if the measurements haﬁe b@eﬁ mac;e when the v.
>TEItude 18 greatad then 300, However; if the otmosphere is olear | :
oboyre the airpluns, and the s¢lar albidude is less than 300 during the meagure-
Renvs, a sorrection to the radinkion ¥5lie £or t'he upper pyrheliomofber is neo-

sosarys und this correstion bscomss more serious ag the solar altitude desro
Thg‘.reforev, i possible, meagurements should be faken msnr noon.

The Gorredtion for low solar altitude-is applicd in the following manne
When the sun 1s less then £0° gbove the horizon; 3 &mpil amount. of direct 22
radiation is reflgcted, rabher thon absorted, by vhe reseiving surfass of Tk

vRIig BURSRSS X

Gog

upper: pyrhéiiometer, <he Instriument, howover,, medsures the total of both dire

i eet {solar) and diffusg (sky) rodiation, Tt Bustby "deltermined, #herefore, whot

Part of the totuj measgured racintion s due to dirent swalight: and what part

Ly - - + . ~ . $- L3 o o L S0 Y = ‘% - & P . 1
18 dus to sky radintien, In hi¥s 1919 paper Kigbail (°) presents data (Prom

irse stations) of the peroent of radiation dus 4o dgreot simlight ot various

zenith distances of the sud. [From & ourve of these ditta the amownt of radiabisn

due to sach somponent part cen be readily dotermined. From a ourve of data
Supplied by the Hational Buyény of Standards the corre¢tion to be applisd te
tho dirsot solar component is obtained. <heaq ctunl amovit of total i

Yhen, is the sorrested air et radiation plus the messured diffuse radiation,

FPinally, the ulbado valuss are: the ratios of the ‘;’-ﬁaiija.tidnrre?ce'i”\rod‘
on the hoktem PyThaliomg bor treficatod rodiation) to the egrrooted radiation

received on the upper pyrheliometor {%otal solar anad sky. radliation).

~ To determine’ the seder altitude, which is needed forthe Jow sun oors

rection, as wsll as for correlation with the radiation and aibiido values, sso
the navigator or proticed as £ollows: As aill Times must bo convurtod to True
Solar Timé in order *to. sompute solar altitudes, the exact postiipns ef the
rlane must be kuiown, “he most fessible method is to "graph" tho vath of the
nireraft on a map, utilizing and corre lating the flight Iog data. With such
@ flight graph, thy latitude anid longitude of the Plane ot any give time oon
be really detemiried, _ : : o . . ‘

To sonvert o True Solar Time, tho £light times must first bo oxpressed

i

as standard times. (&l‘thgugh amy standard time meridian may be used, i% i3

mere pragticsl tn use that oo noarest the actual position of the pls

R

86 )

diation,

By msans of the £light groph, detormine the lofigitude of £he planec te the near-
est 15 minutes. If the plane is east {wost) of “the 8 tandard meridian uscd, add

(subbract) one winute of time for cach 15 minutes of Iongitude dowtadion 2mm
the standazrd meridian. <he rosult ig the Mean Time. "The Amorican Bphoreris
and Nautiocal AIgiaﬁap" lists. foyp any given day, the equation of time or the

difforence bebween Mear Time and what results in Trus Solar Tipg {T3T) .

3

é‘;;* Tudes are ‘determined by use of "Tablee of Computed ATtitude and
] ¥

Solar
Azimuth?

v -

' (2) HoHo Kimball, "Variations in the Total ang i:um,igéij.g So6lar Rediation with

rome o, Nautical Almanas determine the declination of the s 4

Geographical, Position in the United States", Monthly eathor Review, 1919,

”~ ’
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on whe givon day. From the given time (TET), detofmine the hour angle. (%)

4

{(Hour angle %s the amowmt of tiis awhy from True Solar Noon oxpressed as de=
gree of arc, where one degreec of aré equals four minutes of time,) Frém dho
fli&_h _graph detérmine the latitude of the plane at the giveh time. Xnowing -

the solar ch.Linaumn. ths nour angle, and ths latitude, the solar altibude is
read d-lrectly {op Lnterpo}.a*ocd) from the above guoted tablés. \3)s

.

Fivi a,,.ternate method Por determm'mv ralsr al‘citudes is by use of' = Solar
Altitude Chert, (% ). On this chart the grid is designed so that soler albitude
valued +hroughout - .given day. fall amng By straight tine. Thus; for a g;lvqn
.Lamitude on sny specifio day, solar altit udes £ap cniy two diflusent timos Aced
e dompuvsd. Whén the two points. are conneéted; the Selap ai‘tituda vailues may
be Faad cx.wec‘tly from the ohart. ¥inzs the pyrheliometer réoord is divided into
timé wnits up o five miniites in lefigth, the eomputed folab sltitude should be
ail average v‘alua during the time interval under oonsideration. <{(This is o8-
Peoisily trus at large hour angles when the sy in chenging sltitude rapiﬂ.ty.)

SAMPLE

iﬁﬁom&bi_bn £rom pzﬁrehl’iofﬁete;-itecénd,; : R

l‘E)C ord in.,xe =~ £ }_.1 sanle z 5s0 -nillivo.l.'cs .

£y

TmME AVERAGE ORDINATE VALUE e CZERO . o
(EDST) = ¢ CHECK :
PYRMEL. PYRHEL., - o S
08350 T T 282 2646 : *o0.2 :
Time imdiaatéd §F aversge time during o 5 minute inberval, .
Information from flight lows e -

Free air temperature at 0830 EDST = 29C,
Dats Sepbember 15, 154%, : TR
0830 EDST : LT o L

I. 4otunl Ordinate 'Ve.iue . o
Sinde the zero chedk is + 0.2, the recorder is printing 0,2 .ordingtes too

v

high, : o )
Upper Pyrhnliometer o ‘ Lawer Pyr 1eiiome’cer
282 : © T AUSTaEs ordinate vaius -
-0.2 Correotion for Zero Check
on 5 o . ‘ . e o oo oeed
‘«',z 3 ¥ v . A B g Y *7 . - .— -4 - - 3 ._-—.: -
(¥) "Tables of computed Altitude and Azimuth"; Uaited States Navy Department,

Kydrographio Of\ﬁcye, 8 Volss (H.0. 214)
(8) Described by Schubte in Met. Zeit.. Aug., 184

.
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Sindée 100 ofdinates = 5;0 miliivodts;, esach wait o slatilis
, Upper Byrheliomsisy
& & Ied0 ingidated milltve 1t8
: - SAMPLE. - T -
: 115 Mi1Tivolts eorvected for Temperature 7 .

Application of the Yemperature correction equation gives:

UPPBI‘ Pyrnelw ometer

Lower Pvrhe l:l.'c’:‘meter

= 1."2 ’(;05951_§j)’ —
' £ .30
]
o V. Indicated Radiation Vadues— - - .
' EFEGT ?.'.-f}iali“?e'cez- - T " - I‘;OWG!’ Pyrheliom 't Y
[ o 7 | r |
| 1,88 Millivolts correched for temperature 1.30

L

* 2,06 v, por ly/min o . L
((mlibrateu emf Suppiied each Pyrheliometer) I

0467 ly/mxn

V. True Solar Time. I ]
From the flight graph the longitude of he-plane at 0830 EDST is found
to be 760 451w, i - ' TR

erid:.an)

25 (Eguo.t:.c“ of Ta,m . from' "American Ephemeris smd Noautical o
. ,
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V. A. Solar AXtitude

Pectination 6f sun
True Solar Time

i

i

& 30 1ov (From i a- __éﬂ-Almanao, 19%7,
e iod

Eour Angle 2700 (. (32B00 ~ 0%h20M) 4 4/deg.)
Latitude = 360004 (From flight graph)
vom "Tables of ompuxed Altitude and AZimuth", ﬁqi,.;fg using & atitude and
hour angle; vthe follow,ng solay alviyuueﬁ ore redds -
189 02.97  (Por declination * 3% 0Ot)

. 18° 2044Y (foy deolination % 39 30¢) : : -
Interpolating for declination # 30 I0¥; ' . .
Solor Altitude = 189.99f - ,

- SAMPLE | .

B. Solar Altitude @ai&eaﬁate-mﬂéhodﬁ_

On the attqahad soinplo. Solar Altitnae Chart o stralghﬁ ‘Tine for .

Qn“{'e'm}\an 15 Yino

has been computed and drawn.. The value read fram th*s chﬂrt &

(for o7aaTsm) T - , R

Sofar Altitude = 160 107 -

=

) . o L o . .
VII. -Astual Radiation Value - i )

Q67 Tyfimin

Radtation indicated by upper pyrhel iometer = 0 K
' 18° 091

Solar Axui%ude

Han

‘ Pércant ef 1ndioated radiation due to sun 7443 - from a&ﬁﬁﬁhéd

Peroent of indloatsd radiation due to 8ky g 25.7 -curve of data
: ‘from Kittball
Amount of 1nd50a ed radlatmbﬁ dus to sunr  w G4
Amoumt of ixaica*n* radiatloﬁ due to sky -
Direct solar corredhion value ‘= 0,935 0,935 (from ourve of

'bfrectlon values)

ﬁu&l amt, of radiatlon dus to sufi = 0,533 lv/hln (0 498 *+ .0,935)
fr
A

otua} amt, 6f radiation due to sky ; 0:.172 ly%mi“ ;udioated = aqbuaﬁ)
Avtual amb, of ° obal radiation en upper pyrhelio = 0.705 1y/m1n

(Nots tha.t no. sorreotions are necessary for the Indicated Rddiatlbn

reseived by the lower pyrnslicyatar since direct sunllgh* is: not in~
volved., )

VIIi. Albedo Value

Radiotion on upper pyrhsliometer = 0,705 ly/min

b
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25 Maxch L947. larger omownts of oil on the gluie Surf

H.o"t C‘l

Rodidtion on lower pyrheliometer = 0.20 ly/min.
Ratio of lowsr ‘to upper pvrhelmmeter = O, 284 o o
Results; yom@uted albedo for UB83C EDST oh Sepvember 15, 1947 is 23.4%

- | &4 ACTIVITIES

a. The project wae sotivated during Februc¥y 1847.
1948 when & he present project officer, Lt. Walter B, ®a
roiiowing officeis were directly conwmed with ¥hs 2fn
Major John G, Hemans, Major Willlam P, Mellen, Capt. Re
Jomes 0. Vaonis

From thez un+1] 1 June
fhcr; ¥as ubslgﬂed, the
duet of the project:
bext. Houghten aad Capt.

riod February 1947 - Juhe. 1948 was sperﬁ' in prelim:.nary cogrds

ing gendral aspecw 01 the. proaect. The type of instruments to
seided upon, precured, tested; ond installed. 4n operational SOP fov
motrio \measurements i‘rom the B=29 was dsoided upon during that.

b. The
ination Tegorx
be used wosg 4
miking pyrhel
'pBri\Odﬁ.

per
4
1o

a. Ingtruments: . :
{1} During o conferamoe at Headquo.rte rs. Air Woather Servige, 14 Feb 194%

it was stated tha"c suff‘:!.oimu equﬁpszi.ﬁia nau been rdsrod to équip one nirerafd
““““ z‘a‘i:mn. ) ;

- .

.

(2) 0n 21 March 1947, Major Msilen in a 1e“bter tc Major Hamana deé‘*?«i—"be;g-
the tvpe of eguipment used on-: the B-29 as31gned to Project Apollo. The moun® ’
used on this plane was explamed 1n detaxl with drnens*cun's

( 3.-) 240"

A7 u_ il = e El-
alifornia wnlrm is ©Thé Iodation of the Naval Ordanoe Test Sta'tlon- 'In ﬁr;;s
ep ort was noted for the first time the fact that the whit
ace of the filoment o ._f.*ha__pyghgl;gmeter was flaking no

-

[

{4} A measurement of loss of sen:v_twv;ty, gue te cil oh the. bu¥h was mode

face thon had ever beer Qb_'g
sarved on the bulk of an instrument on ths plane atbenuntsd the incident -s_"‘-‘d;,-i‘c;::"
by less than 2%. S

(5) One of the pyrheliometers was rendersd inoperatvive by a siig;ht jar
26 Morch 1947 and two days later the glass *%am of onother pyrehlipmeter was broke
during 2 f‘ligh‘ba - : .

(6) For the summer of 1947 the Albedo file is rather incomplebe. Ikt is
assumed that duri ing this period modification nlans were discussed, equlpmar‘b was

_being received, and permission was being reguesvea to mod difv airaraf®. It must

be emsmbered thot during this period the 268th x{econno.issanoe Growp (Weathar)
vias moved from Ficrida %o falifornmioc.

(7) Two aircraft were finaliy.depot modified and returned to 'Faii‘a
field in early April 1948, An a,ttemv,\t was made to take some albede mensure-
ments durmg fhgh‘% from the depot, bus both pyrhwlzom‘.."“a faiied,.

A2

fodd
R
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Mellen flew in a mod:‘li‘ied B-29,22 March 1947, to Inyfokern, T
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'-1”21 progiagt officer, Lbt. Woalter E: Warned: ssboriponised j 1P,
3 S -

H.G. ’bmne 3£ Hoeadan aryers, Air Weaths» Service prooeec‘i_éé‘ on 25 June 1948,

to Eppley b&bcracoriega Nem,er R. I., the menufactussr of Hhe Pyrheiio-
meters. A1l damaged pyrh l'iomeuers;, .tsgmher with & case history of trw ench
was used befors f£ailube ossurd, wére shown ko E‘pp;ev engineers. Thé Bppley
engineers also ware acqu&ir.‘bed with the vi‘bra’clon", e'bc,, relat‘:ve to a:.rcvaft
operatlon go that they might possibly devéeicp
AuFd adroraft opera 1s); 1

l.

p“\

2.

(9) J-‘hz"ee new model pyrheliometsrs; reported £o bs abls to withsbtand
airaroft Sperations, were présented to the pro ject offiser by the Epploy. Lab ’-ib
oratorios for flight tes® on 4 Aug 1948, Sovéral fiights werFe made from Bo1idn
AFB for test purposes, each LI%shh be‘*ng Lollowed by rough landingss ALY the
pyrehliometers fumock oned perfectly. Oneé of the bulbs was later. brokss sow
oidenitly, but all the other bilbd have xow e_xp,erle'm_ed appiroximately 150 “hours
of mounted ocperstions. .

(10) Duning the period July+October 1948 o new type mount was cof-
cedived; desighed; =azsembled, and installed on one of the Albedésmodified aire
oraft, This motmt ma kes possible the rempval snd répladesient of pyrheliomcbers
during flight, A new, improved metfis of leveling the pyrhélicmeter hiis beca
incorporated inte the new mount. S

(1%) The Brown recorder has alweys fimotioned pariectl} A recent -
check showed both recordezw used in the pro;]ec‘b to be holding their calibr
satiafrotorily,- .

___ o A

'wh—as measured with good results.

3

v

8 witk n plone from _Iﬂvn'!rn"ﬂ—. .

(2) Bome usable berrain albedss were obtained cluring & fl;.ght to Wash<

ington D. C. on 4 Aug 1948. The following day o short aission lagting one hour
was- flown in the vicinity of ’L"Imhinvton-. An adagtional Tlight ncrods: New Yox‘k
State was mude 9 fug 1948 and finaily 1 Aug 19/-‘8 the retuwrn flight was riade to
Fu.i-rfield. . SRR

(3) Duru1g ‘the périod 7 Sept 1948 - 18 Sept 1948 a series of flights
were made over the U,.3. Tuese f‘lzgh’c were plannmad to pass over all fossibles
types of terrain as follows: ’

u ) 3 S
FPadrfield-Boise-+Croter Lalce-Fai ialc}

o o
l'_L_[

fes

Salina-Oklahoma Gity 7 _ -

Oklehoma City-Dayton, Ohio

b

jon

Dayton - ~Wisconsin-Dayton

jos

Dayton-Macon, Georgia via sasbtern seaboard

A

,9.,&1,3&@_,,..,,_ .

Bassen + wwAIE
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(4) A mission was flown 20 Sepbember 1948 off the coadt of Cal-
ifornis for the pwrpese of measuring the a.lbedo of weter. Clouds prevented
measureiionts for any extended period of time Bub-5ome Bood roadings were
obtaitied. :

Lo Wo “oDonaild; UsSa -.weather Burewu, axrfived Fadirfioldd e
; 5 &85ist in the project. A two plane missicn was

g Foven to fleasuré the ebscrpiion of 4 §igud 1aye
regults were ab+amed. -

(6) During a flight to Washington 18 November 1948 ariother twe T

_platie wmission was flodn,

{7) During retumn flight from Waghington 18 Novenber 1048 the albodo
of the cloud system arcund a 1low pressure area Was messur 66

{8) During the Yast % 'i:‘i in November a mission wos flown-in the

icihity of Deathy Valley to moasure thé absorption of the clear atmosphersde
17‘1ig s were fade over a in.xeri po.‘ish from sea lavel to 30,000 f£t. )

(9) During the peried 10 Aprl.l - 28 Apr;l 1948 four s:r.nglea;}cme
misgiohs were flown from Andrews AFB; Moryland. These Ilign‘cs, made over
Wenther Bureau solar v‘adlatlor; stations at Washmgton, Boston, and Cape
Hattevag, were designed to measyire the 1qss of soiar radiation by passage-
through oloud Inyérs. .

0 5‘.

(10) The dats shimined on the missions described in the précecding
paragraphs has been dgsembled but is not reproduced here besause it would
necessitate copying meny hundred foet. of chort rolke All data is presently
on loan to the U.S. Woather Bureau where much of it will be reduced for -

“tho use of interested research agenicies. -

_CONCLUSIONS = e e

1. Tnstruments . -

2. Pyrhe,hometera New type oulbs have been flight tested for a suf-'
ficient number (150} of hours to consider them satisfactory for aer:.al Uuse.

bs Brown Elect@ﬁ&i@eco*d‘er: This piece of egitipment hos fimotiened -
extremelv well an all acecosicns, Its range and acouracy is such as to qualify

it io fu'cure albeqo purpeacs. '

c. Hount: The type in use at the presen’y is psrfectly satn.sfugtory
for hmrbed oxperimental work, provided t ot an operator stands by to level
the mount when necessary. If, in the future, ‘albedo measurements are to be
taken by @ considerable nimber of aireroeft on routina weather missions, it
wo,ld seem t0 be highly wnlilely thet an extra crew member could be added for this

14
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: 'PoSe,  Honde it would negassary o tvise a remotely operated mount
R 'k would be tevelsd by gyre me&ns or peseibly by MEroury SUUGHOS.
N 2. Caloulmtions | / R |
B Isonhe L 280F ipbion. of the saloulations used to obtain wotual values is given :
‘ clsewhere ik this réport. The éaléulations are satisfactnry but considerntion . g
: myust be given to tha fact that it is pogsible to spend Trom €en iq fifbgen ;
: mitutes to reduse date that was obyain 92 Over 2 period of five minutes, The -
. Present supply of available porsotinel at dguadron level would soem to presiude
L %he reduction there of tho mass of dabs whish would be obtiined on mony filights,
i 3. Operational Procodurss L o
. Tho procodures. desoriibed have besn found To be basically somn d. Some ;
slight obvious changss ore necessary eccasionaily to ob¥ain bhe best possible

-

measurements £rom o given weathe ¥ situation,

fic conclusions. should be based ol a more gemerous sampling of data, -

vestigotional Aature and flown by a gingle aireig
mount is satisfagkery, However, if Llights shoul
goale, foi ’ i1 v S
Shuadronm, it Is recommended that a gyro~stabilized msunt be develapsd for ;
Yedsons discussed above, 4 gyro-mount together with a Brown Résorder and a
suitable. supply of Fyrholiometers could be asgembled in Kit form for dis~
tribution to the squadrone o5 o stondorg odifigation, Porsonnel £ fom ench.
squadron shouid spend’ some time as Fairfield for indoctrination in adbsdo
teciniques, ) o '

Junction type cannot be used to measur 1rect s'olar radiation with the pras
Sent reoaordér, o C

The missions fiown have at least given o smail s ampling of ail types of -
measurements asked for oxcept thuge ovar Snew _covor.. 'Définit'a"ooﬁdl%ls'ijéng
on the values of aYbads must await Pinal redustion of data . Howsvor, soicitie

&s long as sThede £lights nre only of an experimental or limited in-

In fiture procurement of ﬁﬁh@iiomete;?s for airbome_albede MEOSUP gw:
ments, it is Fecummended that only 10 or 20 Juaction modely be purchased, 1
Thése 10-2Z0 Junétion bulbs are suitebls for all surnsges, Whereas, the 50. .
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